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Flow distributing unit and cooling unit having bypass flow 

This invention relates to a flow distributing unit which is suitable for a variety of 
cooling applications, and in particular for liquid cooling of power 
5 semiconductors. The invention also relates to a cooling unit employing such a 
flow distributing unit. 

Semiconductor devices generate heat during their operation, and this heat 
usually acts to degrade the operation of the semiconductor device. For power 
10 semiconductor devices it is necessary to be cooled during operation to 

maintain acceptable device performance, and for high power semiconductors 
liquid cooling is often applied. 

US 5,841 ,634 discloses a liquid-cooled semiconductor device. The 
is semiconductors are here placed inside a housing on a plate which is to be 
cooled. The device shows a fluid inlet port and a fluid outlet port, and a baffle 
placed in a chamber inside the housing. The baffle includes a wall separating 
the chamber into a top portion and a bottom portion, and walls separating each 
portion into compartments. A number of holes in the wall between top and 
20 bottom portion provide fluid communication between the portions. Fluid is led 
from the inlet port to a first bottom compartment, and then through holes to a 
first top compartment In the top compartment the fluid is led along the plate to 
be cooled, and through holes to a second bottom compartment. From the 
second bottom compartment the fluid is led to a second top compartment, 
25 where it cools another area of the plate to be cooled. After having passed 
three top compartments the fluid it led to the fluid outlet port, and out of the 
device. Thus the cooling compartments of the device are connected in a serial 
manner. 

30 As the fluid passes the first top compartment, it takes up heat from the plate to 
be cooled and thus leaves the first top compartment at a higher outlet 
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temperature than the inlet temperature. When the fluid then reaches the 
second top compartment, additional heating of the fluid will take place, and this 
will lead to a temperature difference on the cooled plate, from fluid inlet port 
end to fluid outlet port end. This is detrimental to the lifetime of such a power 
5 semiconductor device as high power semiconductors are very sensitive to 
temperature variations and also sensitive to the general temperature level. 

Also the serial connection of multiple cooling compartments will have a high 
flow resistance as a result, leading to a high pressure drop or a low flow rate of 
10 the fluid through the cooling device. 

It is an object of this invention to provide a flow distributing unit, and a cooling 
unit employing such a flow distributing unit, which leads to less variation in 
temperature along the cooled surface than previously known units. 

15 

In accordance with claim 1, this and other objects are achieved with a 
distributor for distributing a flow of liquid over a surface to be cooled which 
comprises an inlet manifold, an outlet manifold and at least one flow cell 
connected between the manifolds. The flow cell comprises a cell inlet in fluid 

20 communication with the inlet manifold, a cell outlet in fluid communication with 
the outlet manifold, and a main flow channel formed as a meandering 
sequence of channel segments for guiding a main flow of liquid from the cell 
inlet along the surface to the cell outlet with a plurality of changes in the 
direction of the main flow. Additionally, the flow cell comprises a bypass flow 

25 channel for allowing a bypass flow of liquid from the cell inlet to the cell outlet, 
and the configuration is such that the bypass flow channel interconnects the 
channel segments of the main flow channel. 

It has been found that the short-circuiting effect of the bypass flow channel 
30 leads to increased turbulence and mixing of the cooling liquid as it passes 
along the main flow channel. This is believed to occur because the liquid 
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flowing in the bypass flow will generally flow into the channel segments of the 
main flow channel at angles which are transverse to the direction of the main 
flow. 



5 This causes turbulence and changes in the flow pattern of the liquid within the 
cells. Liquid which has been heated by passing closely along the cooled 
surface, will be effectively mixed with colder liquid which has not passed along 
the cooled surface. This ensures that the full heat capacity of the liquid is put 
to use in the cooling process. 

o 

Now having described the invention in general terms, preferred embodiments 
of the invention will be described in details with reference to the drawings, 
showing: 



15 Fig. 1 : An exploded view of a cooling unit 

Fig. 2: A perspective top view of a flow distributing baffle 

Fig. 3: A top view of the distributing baffle 

Fig. 4: A perspective bottom view of the distributing baffle 

Fig. 5: A simplified sectional view of the cooling unit illustrating the 

2 o provision of a bypass flow path. 

Turning now to Fig. 1, a cooling unit 1 includes a housing 13, formed as a box 
with a flat back plate 1 1 and side wails 20 which extend from the back towards 
a main opening at the front of the box. The housing 13 has an inlet opening 15 
25 and an outlet opening 14 for liquid connections from a pipe system or the like. 



A baffle 4 fits with the internal surfaces of the side walls 20 of the housing 13. 
When the baffle 4 is placed in the housing 13, it divides this into a top 
compartment and a bottom compartment. The bottom compartment is formed 
3 o between the back plate 1 1 and the baffle 4, and is further divided into two 
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chambers or manifolds, as will be described later. The openings 14 and 15 are 
in fluid communication with the bottom compartments. 

A top plate 3, the lower surface of which is to be cooled, closes the top 
5 compartment when it is mounted on the main opening on the housing 13, by 
the intermediate of a sealing ring 16. This sealing ring 16 fits into a groove 17 
of the housing 13, and seals between the side walls 20 and the top plate 3. 
The top plate 3 is fixed to the housing 1 3 by means of screws (not shown in 
the drawings), which are screwed into holes 18 of the housing 13 through 

10 holes 19 in the top plate 3. The top plate 3 will be referred to as the cooled 
plate, since this plate is cooled by liquid led through the cooling unit. If the 
cooling unit is employed to cool power semiconductor circuits, the circuits may 
be arranged on top of the cooled plate 3 in a manner that will be obvious to 
those skilled in the art. Of course the cooling unit may be employed to cool 

15 various other sources of heat such as a hot gas or liquid flowing along the 
exposed surface of the cooled plate 3. 

Fig. 2 shows the baffle 4, in a perspective view slightly more angled than at 
Fig. 1. Visible in this view are inlets 5 and outlets 6, the location of which was 

20 indicated in Fig. 1 by the same reference numeral. The top view of the baffle 4 
in Fig. 3 shows the inlets 5 and outlets 6 even more clearly. Liquid flows from 
the bottom compartment to the top compartment through the inlets 5. While in 
the top compartment, the flow of liquid is directed along the cooled surface (the 
bottom surface) of the top plate 3 by guiding wall sections 21 which extend 

25 upwards from the center plane or base 25 of the baffle 4, as indicated by 

arrows in Fig. 3. The flow then returns from the top compartment to the bottom 
compartment through the outlets 6. 

As will be easily seen in Fig. 3, the guiding wall sections 21 leave a 
30 meandering flow path for the liquid, by means of an open passage at one end 
of each wall section. Other wall sections, however, run all the way through the 
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structure, like wall sections 22 and 23. These through-going walls divide the 
top compartment into cells, each with an inlet 5 and an outlet 6. 

As mentioned previously, the bottom compartment is divided into two 
5 chambers or manifold. Fig. 4 shows a perspective view of the baffle from the 
bottom side. A wall section 10, running in a snake-like pattern along the bottom 
side, will bear on the bottom plate 11 of the housing 13 in substantially liquid- 
proof abutment. The bottom compartment of the baffle 4 is hereby divided into 
an inlet compartment or manifold 8 and an outlet compartment or manifold 9, 

10 when the baffle is placed in the housing. All cell inlets 5 are in connection with 
the inlet manifold 8, and all cell outlets 6 are in connection with the outlet 
manifold 9. The cells of the top compartment, Figure 2 and 3, are thus all 
connected in parallel between the inlet manifold 8 and the outlet outlet 
manifold 9, and thus in parallel between inlet and outlet, positions 15 and 14 of 

15 Fig. 1. 

The inlets 5 and the outlets 6 are placed such that the outlet of one cell is next 
to an inlet of another cell. This has the effect that heated liquid, which is about 
to leave one cell, is close to unheated liquid which has just entered a 

20 neighbouring cell. This serves to minimize the heat gradient along the cooled 
plate 3. The heat gradient along the cooled plate is further minimized by 
varying the size of the area which the cells covers. Along the edges 12 the 
area of each cell is larger than on the rest of the surface, whereby the cooling 
in the area along the edges 12 is less effective than on the rest of the area. 

25 This reflects a situation where the density of heat generating elements is lower 
along the edges of a semiconductor device than on the rest of the device. 
Lowering the cooling effect along the edges of the cooling unit will improve 
temperature uniformity across the cooled plate. 

3 0 In the embodiment of the invention shown in Figs. 1 to 4, it is intended that a 
substrate with semiconductors be placed on top of the cooled plate 3, in a way 
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known to those skilled in the art. The cooled plate could however be the 
substrate itself, placed directly as a cover on the cooling unit. This is a 
consequence of the minimized heat gradient along the cooled plate, which 
makes the traditional heat spreading plate, shown in Figure 1 as the cooled 
5 plate 3, superfluous in some applications. 

Fig. 5 shows a simplified sectional view of an assembled cooling unit, cut 
along the line V-V as indicated in Fig. 3. Sealing details between the side walls 
20 and the cooled plate 3 have been left out for simplicity. As shown in Fig. 5, 

10 the meandering flow channel 50 in each flow cell causes successive changes 
in the direction of fluid flow as indicated by the arrows 51, 52. The meandering 
flow channel may be thought of as a sequence of channel segments 64, 63, 
62, 61 along which the flow passes on its way from the cell inlet 5 to the cell 
outlet 6. Those channel segments are delimited by the guiding wall sections 21 

15 of the baffle 4, and by the cooled surface of the cooled plate 3. 

As the liquid flows from one channel segment to the next, it must pass around 
the end 53 of the wall segment 21 which separates any two channel segments 
64, 63, 62, 61 from each other. This has been found to cause vigorous mixing 
20 of the liquid as it flows along the flow channel, which benefits the transfer of 
heat from the cooled plate to the liquid. 

Experience shows, however, that the transfer of heat may be improved further 
by allowing a bypass flow of liquid from channel segment to channel segment 

25 over the top of the wall segments. This is illustrated in Fig. 5 at 71-73. Each 
guiding wall section 21 ends at a small distance from the bottom surface of the 
cooled plate 3, leaving a narrow gap through which a bypass flow 71 , 72, 73 
may pass from one channel segment to the next. The bypass flow proceeds 
generally at right angles to the main flow in the channel segments. Therefore 

3 o the bypass flow is believed to cause increased turbulence in the flow pattern 
near the surface of the cooled plate. Experiments and computational 



WO 2005/041627 



PCT/DK2004/000736 



7 



simulations have shown that the transfer of heat from the cooled plate to the 
liquid will increase significantly, and that the flow resistance of the cooling unit 
will be substantially reduced, by providing such bypass flow through a gap 
between the tops of the guiding walls 21 and the adjacent surface of the 
5 cooled plate 3. The successive gaps effectively define a bypass flow path 
within each flow cell, from the cell inlet 5 to the cell outlet 6, which 
interconnects neighbouring channel sections 61 , 62, 63, 64 of the meandering 
main flow channel. 



